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This invention relates to an optical scanning device for scanning a suifece 
along a line, which device comprises a radiation source unit for supplying at least one 
primary radiation beam, an optical system fi» focusing tiie beam to a spot on 

scamied, and a rotatable polygon mirror comprismg a number of mirror fecets for deflecting 
flie beam tiiiough a variable deflection angle, thereby obtaining a scanning beam, and to 
direct tiie scanning beam to a position otf ihe surfece to be scanned, said optical system 
comprising a main imagmg system, which is arranged in tiie radiation path of flie scanning 
beam between Ihe radiation source unit and tiie polygon mirror, and a correction system 
which is arranged in tiie radiation pafli of tiie scanning beam between tiie polygon mirror and 
tiie sur&ce to be scanned. 



The primary radiation beam is understood to mean tiie beam travelling along 
tiiat portion of flie total beam patii extending fixim tiie radiation source 15) to tiie i^ 
a fecet, wMch incidence converts tiie primary beam mto tiie scanning beam, 
tiius formed of tiie same radiation as tl^ scanning beam, but precedes tins beam. The 

radiation source unit may comprise a single radiation source or a number of such sources for 
siqjplying a number of beams allowing so-called "multi-spot scanning". 

A scanning device of tiiis type is described m US-A 5,013,108, which is in tiie 
name of tiie ^licant of tiie current appUcation. The contents of timt ^plication are 

incorporated herein by reference. 

Most scanning devices are pre-obj.ective scanners tiiat use a scan lens which 
has tiie fonction of focusing abeam after deflection by tiie deflection system. Pre-objective 
systems also allow field flattening and optionally provide telecentiicity for tiie beam, which 
means tiiat tiie beam portions forming difiBerent image pomis all have tiieir chief ray at tiie 

same angle, usually perpendicular, to tiie image plane. 

The scamiing device described in US-A 5,013,108 by contiast, is a post- 
objective scanner as shown in Figure 1 . A scanning device of tins type uses a relatively 
simple spot forming/focusing main lens 100 locatedprior to a deflection system 102. This 



PHNL030303EPP 

t 

2 21.03.2003 
post-objective scaimiag device has a reflective optical correction system 104 located after the 
deflection system 102. The surface to be scanned is denoted by reference number 24, The 
field correction system 104 described in US-A 5,013,108 is a sophisticated system, which not 
only provides a flat image field and telecentricity, but also corrects for aberrations in the 
scanning spot, like coma and spherical aberration . This correction system is called the 
Banana Mutor System (BMS) and consists of a set of two cylindrical mirrors, a first convex 
and a second concave with a stronger power than the first preferably a set of a convex 
hyperbolic cylindrical mirror and a concave parabolic cylindrical nurror. 

The correction capabilities of the Banana Mirror System can be used in an 
opthnum way if the scaiming beam incident on this system satisfies the requirement that the 
poiiit of deflection of this beam, i.e. the point of hinging of the beam coming from the 
deflected device, is located at an ideal position. Such an ideal scanning beam could be 
realized by means of a galvanometer-mirror type deflector. However such a deflector shows a 
pure duly cycle. After the mirror has been moved, during a scan time interval, in the forward 
direction to realise a first scan, it has to be moved, during a dead time interval, in the 
backward direction to reposition the mirror in its initial position before a second scan can be 
performed. The duty cycle is defined as tiie ratio of the scan time interval andihe sum of this 
time interval and the dead time interval. 

With respect to the duty cycle, an ideal deflection systCTi would be a 
continuous rotating polygon mirror. However the mirtxns, or facets, of the polygon should be 
over-filled in order to allow using the correction csqpabilities of the Banana Mirror system. 
Over-filling the facets is understood to mean that the cross-section of the primary beam 
incident on the mirror polygon is considerably, for example two times, larger than the size of 
a facet As at any time only radiation from one facet is used to form the scanning spot, a 
scanning system using a mirror polygon with over-filled facets poses the alternative problem 
of poor radiation efiSciency, i.e. only a portion of the primary beam radiation is used to form 
the scanning spot. Moreover, as the primary beam is truncated by the fecet edges^ diffiaction . 
effects occur at these edges, which affects the quality of the scanning spot 

It is an object of the invention to provide a post-objective scaiming device as 
defined in the opening paragraph, which shows maximimi radiation efiBciency, is very well 
corrected for aberration and has a high resolution. The scanning device according to the 
invention is characterized in that it comprises fecet-tracking means for deflecting the primary 
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focusedbeam in synchronism witii rotation of Ihe polygon mirror such fliat liie chief ray of 
Ae primary beam is continuously directed at substantiaUy the centre of Ihe ^ 

momentarily illuminated by the primary beam; 

By introducing fecet-tracking with a focusedbeam in a post-objective 
5 scamnngdevicecomprisingaBananaMirrorSystem,astationarydeflectionpom^ 

for the scamringbeam, whidi allows using Ihe correcting andtelecentric «5,abilities of the 
BananaMirror SystemtoHie optimmn. As fee primary beam is a focussed beam, and the 

illuminated fecet is under-filled, fee scamung device shows a high radiation efficiency. 

It is remarked feat a scanning device wife iracldng of fee polygon mirror 

10 fecetsisknownperse.Howeverfeeknowndeviceswifefecet.traddngarepreK>lq«^^ 
scanners wherein fecet-tracking is performed by a parallel beam, which is moved is IMearly 
moved across the fecet feat is momentarily used for deflecting fee scamiing beam. 

Alfeou^ fee invention is in first instance intended lo be used in a scannmg 
device having a Banana Mirror System, it may also be used in post-objective sc«^ 
ofeer lypes of correction systems, be means of which fee required aberration correc^^^ 

telecentricily can be achieved. 

Preferably, fee scanning device is fiirfeer characterized in feat fee tracking 
means ate operable to create a deflection pdnt fer fee scamiing beam, which point is located 
between a centre of rotation of fee polygpn mmor and fee mirror fecet upon which fee 

20 primary beam is momentarily mcident 

Said point is called fee ideal deflection pcnnl, whereby ideal means ideal wife 
respect to fee BananaMirror System, which, if receiving radiation fiomfeis point, fenctions 

optimally. 

The invention can be implemented in several embodiments, which can be 
classified in two main embodiments. A first main embodiment is characterized in feat fee 
fecet-tracking means are active tracking means, which are constituted by abeam deflector 
arranged in fee radiation pafe between fee radiation source, unit and fee main imaging system. 

Ihis beam deflector is driven in synchronism wife fee rotation of fee polygon 

mirror, such feat a virtual deflection pomt for fee scanning beam is created, which point is 
30 located within fee polygon minor and is stationary. 

Hie main embodiment is preferably furfeer characterized in that an additional 
lens is arranged between fee beam deflector and fee main imaging system to magnify fee 
deflection produced by fee beam deflector. 
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The additional lens, which may be called deflection-magnifying, or tracking- 
magnifying lens, has such power that it forms a reduced imag^ of the radiation emitting spot 
of the radiation source unit whilst it magiiifies the deflection provided by tiie beam deflector. 
This aUows reducing flie deflection required fiom flie beam deflector and enlarging the cross- 
section of the primary beam incident on tins deflector. These two effects contribute to 
enhanced perfiocmance of the beam deflector. 

Sub-embodiments of the main embodiment differ fiom each oflier by the fype 
of beam deflector they use. The beam deflector may comprise a ^vanometer mirror, a 
piezo-electrical mirror, an acousto-qptical deflector, or -modulator used as a deflector or an 
electro-optical deflector. These deflectors are well-known to the person skilled in the art, 
their appKcation in a post-objective scanning device is new. The two deflectors have no 
moving parts and can be driven at high frequencies. 

The second main embodiment of the scanning device is characterized in that 
the fecet tracking means are passive means conqmsing a fecet tracking minor, which 
receives flie primary beam via a first reflection at tiie minor fecet and reflects the beam to the 

mirror fecet for a second reflection at tiiis fecet to deflect tije primaiy beam at an angle 
substantially smaller than tiie deflection angle of the scanning beam. 

The mkror fecet that is momentarily used to deflect the scannmg beam is now 

also used to create a deflection of tiie primaiy beam, so that a special beam deflector and its 
driven circuit are no longer needed. As fi» fecet traddng and beam scanning flie same fecet is 
used, irregularities m tiie polygon mirror do not affect the quality of scan movement and of 
flie scan spot 

The second embodiment may be fimher diaracterized in that the facet-tracking 
minor is a concave mirror. 

Preferably fliis embodiment is fimher characterized in that the centre of 
curvature of flie concave mirror is located close to the rotational axis of the polygon mirror. 

By anangmg the centre of curvature not on.the rotational axis, but close to it; 
flie prhnary beam, which has undergone a first and second reflection at the minor fecet and 
intermediate a reflection at the fecet tracking nurror is deflected by flie moving fecet over a 
small deflection angle. This deflection, which may be called mini deflection, is substantially 
smaller flian flie deflection of flie scanning beam, but sufHcient for flie required fecet- 
fracking. 

The invention can be used in a number of applications, which can be divided 
into two main groups, or types of apparatus. 
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The fiist ^iparatus is for processing a pattern in at least a surfece layer of an 
object, wHch q^paratas comprises a device for scanning Ihe object surfece with a radiation 
beam and means to nMdulate the intensily of the beam according to the pattern. 

Processing apattem m at least a surfece layer of an object mcludes several 
5 types of processes, like laser machinmg an object oriwiting apattem m the object by means 
of radiation or ^ting a pattern in a resist layer on ix^ of the object, or 
mask less lifliographic process. Such an ^»paratus according to the invention is characterized 
in ihat the device is a scannmg device as described herein above. 

The second apparatus is for pomt-wise retrieving details of an olqect, which 
10 apparatus comprises a device for scamdng the object with a beam of radiation and a 
radiation-sensitive detection system to convert radiation flxm die object into an e 



20 



Point-wise retrieving details is 1» be mterpreted broadly. It includes mspection 
of objects during manufechning, such as printed circuit boards, wherein the details are, for 
15 exan?.lesolderpads,orinspectionofintermedial«orendproducts.Italsom^^^^ 
wise scanning of an object^ such as a photogr^h or a drawing to retrieve Ihe unage 
i^fimnation stored m&ec^ject, wherein die said details^ Such 
an ^aiatus accordmg to die mvention is characterized hi that flie device is a scamri^ 

device as described herem above. 

This ^aratus may be of the reflecth^e type or of the transmission type. 
The first type of apparatus is characterized mdiat die radiation-sensitive 
detection system and the scannmg device are arranged at the same side of die object 

The second type of apparatus is characterized in diat die radiation-sensitive 
detection system is arranged at the position of a radiation source of die scannmg device and 
25 radiation source is arranged at die side of die object remote ftom die scanning device. 



These and odier aspects of die mvention are parent from and will be 
elucidated, by way of non-limitative example, widi reference to die embodhnents described 
30 hereinafter. 

In the drawings: 

Figure 1 showsaschematic diagram of apriorartpost-objectivescanmng 
device provided with a Banana Mirror System; 
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Figure 2 shows a schematic diagram of such a device provided with a first 
embodiment of active fecet tracking according to the invention; 

Rguie 3 shows a schematic diagram of a second embodiment of active fecet 

tracking; 

Figure 4 shows a schematic partial diagram of an embodiment of passive fecet 
tracking according to the invention; and 

Figure 5 shows a schematic diagram of a post-objective scanning device 
provided with passive fecet tracking according to fbs invention. 



Figure 1 shows'a schematic diagram of a post-objective scanning device 1, as 
described in US-A 5,013,018. This device con5>rises a radiation source 10, for example a 
laser, which suppKes a primary radiation beam PB. This beam passes Ihrou^ a main imaging 
system 12, which, in combination with a correction system 22, images the radiation emitting 
window of the radiation source in the plane of a surfece 28 to be scanned and forms a 

scanning spot 30 in this surfece. The imagmg system is currently a lens system coo^j^^ 
one or more lens elements, for example an aspherical lens, but may also be a mirror system. 
Between the radiation source and the main imaging system further optical elements 14, such 
as beam sh^g elements, may be arranged. The primary beam from flie imaging system is 
incident on a reflective polygon 16, which rotates about an axis 18 and comprises a number 
of mirrors, or reflective fkcets 20. A fecet of the polygon that is momentarily iUuminated by 
the primary beam PB reflects the beam towards the surfece 28. Upon rotation of the polygon 
16 the illummated fecet deflects the reflected beam in the plane of the drawing of Figure 1 so 
that flie scanning spot 30 is moved across the surface 28. The beam that is reflected by a 
polygon fecet is called scanning beam SB hereinafter. 

Between the polygon 16 and fee surfece 28 an optical correction system 22 is 
arranged. This system comprises two curved mirrors 24 and 26. Mirror 24 is convex and has 
a hyperbola-cylindrical shape with the generatrix being parallel to the axis of rotation of the 
polygon 16, thus perpendicular to the plane of drawing of Figure 1. The mirror 26 is concave 
and has a parabola-cylindrical sh^. Because of the shape of the mirrors of the correction 
system 22, feis system is called Banana Mirror System (BMS). 

The main imaging system 12 images the radiation source 10 in image point 32, 
which is located below the surfece to be scanned. The mirror 24 reduces the convergence of 
the scanning beam SB so that this mirror re-images image point 32 in image point 32', which 
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is located at a larger distance ftom nmror 24 than image point 32. The mirror 26 focuses the 
scanning beam on Ihe surfece 28 and re-images image point 32' in image point 32", or 
scanning q»ot 30, which spot has a minimum size. THe shape and position of mirrors 24 and 
26 are chosen such flmt curved scan line generated the rotating polygon is conve^^ 

5 straight line, ftat flie scanning device is telecenlric at &e image side and flm^ 

spot shows F^iwirniim aberrations. 

More infiwmation about the post-objective scanning device can be found in 
US-A 5,013,108 and in Ihe article: " Principles of tte Heal scanner Model - an analytical 
theory of the banana mirror system" by the inventor of the present invaition in: SPIE Vol. 

10 3787 "Optical Scanning: Design and AppUcation" 1999, pages 138-148. As described in Ihis 
article a sin5)le cylindrical lens may be arranged between Ihe Banana Mfiror System and &e 
surfece 28 to correct for wobble of the scan line, i.e. the line described by the scanning spot 
This wobble may occur due to imperfections of the polygon mirror 16. 

Figure 1 shows a scanner design in which the rotational axis of the mirror 

15 polygonisarrangedsynmieMcaUywiflirespecttotiieaxisofthecMefrayoftheprima^ 

beam PB and tiie main imagmg system. This design is preferred for the embodiments 
described herdn. However tiie invention may also be used in a scanning device designed as 

shown in Figure 1 of US-A 5,013,018. 

The advantages of tiie Banana Mirror System are only obtained wifli a 

20 scanning beam which, viewed ftom tiie Banana Mirror System, is deflected at a pomt &at is 
located at a determined and fixed position. Such an ideal deflection point ID is obtahied when 
use is made of a galvanometer mirror system to generate a scanning beam. As a mirror 
polygon deflector shows better performance wilh respect to scanning speed and resolution, it 
is however piefeired to use such a mirror polygon in combination with the Banana NBrror. 

25 Reasonable results can be achieved if the fecet that is momentarily used is over-filled by the 
primary beam. Over-filling flie fecets has the disadvantages that only part of flie radiation of 
ftte primary beam is used for scanning and «iatdif&action of radiation at tiie edges of tiie 

fecet affects the quality of tiie scanning spot 

These disadvantages do not occur i^ according to tiie invention, tiie cioss- 
30 section of tiie primary beam at tiie location of tiie momentarily used fecet is smaller tiian tiie 
fecet, i.e. is under-fiUed, and tiie primary beam is deflected in synchronism witii polygon 
rotation such tiiat tiie chief ray of tills beam is directed at tiie centre of tiie fecet at any time. 

m otiier words, it is arranged tiiat tiie primary beam foUow tiie fecet, which is called fecet 
tracking. In tiiis way an ideal and stationary deflection point for flie scanning beam is created. 
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Figure 2 schematically shows a cross-section, in the plane of the scanning movement; of a 
first embodiment of a scanning device according to Ihe invention. TMs Figure shows only 
those elements, which are relevant for the inventioa The scanning device comptises a 
radiation source, preferably a laser, which suppUes Ihe primary beam PB. In the pafli of the 
primary beam a main lens system, or objective system, 12 is arranged, which focuses the 
beam in a virtual spot at point 40. Behind the main lens system a rotatmg polygon mirror 16 
is arranged which axis of rotation is denoted by reference number 1 8. The polygon mirror has 
a number, for exaniple between 12 and 24, of reflective facets 20a, 20b, 20c ete, of which 
only a few are shown in Figure 1 after reflection of the beam at the polygon minror, virtual 
point 40 is imaged in point 32 of Figure 1 , 

The momentarily illuminated fecet, fecet 20b in Figure 2, reflects the incident 
beam and deflects this beam over a pre-determined scan angle, so that the beam fiom the 
polygon mirror is a scanning beam SB. This beam passes through tihe Banana Mirror System 
(BMS) 22 and is focused by means of the main imaging system and the BMS in a scanning 
spot 30 on fte surfece 28 to be scanned. 

In the plane perpendicular to the scan plane the beam may be focused on Ihe 
surfece to be scanned 28 or in Ihe case of passive wobble reduction on or near a reflective 
fecet 20 of flie reflective polygon. In the latter case, an elongated cylmdrical mirror arranged 
between the Banana Mirror System and surfece 28 focuses the diverging beam from Ihe fecet 
on the surfece 28. 

An additional beam deflector 42 is attanged behind the radiation source 10 to 
deflect the primary beam over a small angle of deflection Obr and thus providing active fecet 
tracking. The deflected primary beam has a deflection point 44 lhat is located within the 
beam deflector 42. This point of narrowest beam constriction, and more general the first point 
of narrowest primary beam construction as seen firom the polygon mirror, will be called 
primary spot. 

The beam deflector may be an acousto-qptieal deflector (AOD) or an acousto- 
optical modulator (AOM),which can be used in a deflection mode by modulating the 
fiequency of the driving signal, a galvanometer mirror deflector, a piezo mirror deflector or 
an electro-optical deflector (EOD). These types of devices can be driven at high speeds and 
generally have a limited maximum deflection angle. However, given that only a small angle 
of deflection a jis required, these types of deflectors are suitable for the present application. 

The deflection of the primary beam PB is controlled in concert with the 
rotation of the reflective polygon 16, so that as the polygon 16 rotates, the beam deflector 42 
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provides deflection which seeks to ensure that the primary beam keeps more or less centred 
on the fecet 20a-c. Synchronization of the primary beam deflection and polygon rotation can 
be realized by providing fhe polygon minor witii a rotation sensor and coupling tiie oulput 
signal of tins sensor to fhe driving circuit for the beam deflector 42. lliese means are not 
5 shown in Figure 2; for a person skilled it is evident how to realize fhe required 
synchronization. 

As a result of tiie active fecet tiacking, flie scanning beam bemg deflected by 
tiie polygon 1 6 and reflected by a fecet 20b has a virtual deflection point 46 on flxe optical 
axis of tiie primary beam about halfway between tiie rotational axis ISof flie polygon 16 and 
10 tiie fecet 20a-c. This deflection point is an ideal deflection point ID seen fiom tiie BMS 22, 
which means tiiat point 32 in Figure 1 should rotate around tiiis point. Its position can be 
express^ in its distance d fiom tiie rotational axis 18 of tiie polygon 16, which distance is 
givoiby: 

d=:-^:!^«^forE»Dp, 
4E+Dp 4 

15 whereEistiiedistonceftomtiievirtualfocusp«nt401otiierotationalaxisl8andD^ 

diameter of tiie inscribed drole of tiie polygon 1 6. and where d and e are dimension measured 

in the same plane as Dp. 

Imparting, by means of fecet tracking, tiie ideal deflection pomt to tiie 
scanning beam, allows on any time in tiie scanning process optimum correction of tins beam 
20 by means of tiie Banana Mirror System. Witiiout fecet trackmg tiiere wouldbe for any fecet 
movmg tiirough tiie beam only one position at which fecet reflection is optimum for tiie 

Banana Mirror System. 

Facet tracking of an under-filled fecet witii a convergent beam eliminates tiie 
usual disadvantages of an under-filled fecet system, which are: low duty cycle, no 
25 telecentricity at flie surfece to be scanned and poor correction by tiie Banana mirror system. 
As in a system witii under-filled fecet tiie beam incident on tiie fecet is stationery and has a 
cross-section smaller tiian tiie fecet in tiie scan direction, one has to wait afler a first scan 
witii a first fecet for a next fecet reflecting tiie fijll widfli of tiie beam. The fecet edge between 

two adjacent fecets has to pass before a new scan can start, which causes duty cycle loss. 
30 Such a duty cycle loss does not occur in a system witii over-fiUed fecet, 

because tiie next fecet is filled already at tiie end of scan of tiie previous fecet so tiiat fliero is 
no or hardly any waiting time. A system witii fecet over-filling, such as a pre-objective 
system wherein a parallel beam is used or a post-objective system wherehia focussed, but 
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over-jBlling, primary beam is used, has a low radiation eBadeacy. Moreover, diffiaction of 
radiation at the fecet edges affects the quality of he scanning spot Hiese disadvantages do 
not occur in the scanning device with facet tracking by a convergent beam. Because of the its 
convergence, flie scanning beam may have a large beam ^erture so that the resolution of the 
device may be high. This is an additional advantage of scanning device of Ihe invention, 
which combines Ihe advantages of the fecet under-lBlling and Ihe fecet over-fiDmg systems. 

The amplitude of movement of the beam deflector 42 is chosen to ensure tiiat 
Ihe primary beam is deflected at an angle sufBdent to maintain the beam in line with the 
centre of the fecet 20a-c. Consequently, the choice of beam deflector 46 depends on the 
position and construction of polygon 1 6. 

The duty cycle of a scanning system wilh active fecet tracking is determined 
by flie retrace time of the beam deflector 42 and can be high. 

Whereas in known scanning devices fecet tracking is performed by a parallel 
beam, which is linearly moved with respect to the fecet, in the new device for fecet trackmg a 
converged, or focused beam is used, which is deflected with respect to the fecet In the scan 
plane, i.e. the plane of drawing of Fig.2 the beam is virtually focused in the post-objective 
virtual aiming point 40. In the plane perpendicular to the scan plane the beam may be fbcused 
on the surfece to be scanned or at the polygon mirror 1 6. The latter wiU be the case if passive 
wobble correction, by means of a cylindrical lens between the Banana Mirror System and the 
surfece 28, is used. 

Figure 3 schematically shows an inqm>ved embodiment of a scanning device 
witii active fecet tracking. In this Figure only the features, which distinguishes tiiis 
embodhnent from that of Figure 2 are shown. In the device of figure 3 an additional lens or - 
system 46, which may be called magnifying tracking lens, is arranged between the beam 
deflector 42 and the main imaging system 12. The lens 46 focuses flie beam from the beam 
deflector 42 at a position between tiiis lens and the main imaging lens 12, i.e. re-images the 
original primary spot in the-beam deflector of Figure 2 in a new spot at this location. This . 
new spot 44 is the primary spot in the device of Figure 3, according to the definition of 
primary spot given herein above. The spot 44' in the beam deflector 42, vridch is conjugated 
with tile primary spot 44 may be called pre-primary spot 

The magnifying tracking lens 28 magnifies tiie deflection provided by the 
beam deflector 42. This lens, togeflier wifli the main lens 12 act to focus the primary beam on 
tile vktual aiming point 40 behind the polygon mirror, as in flie device of Figure 2. Aiming 
point 40 is conjugated witii the deflection point 44 or 44' (in the beam deflector 42). 
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The magnifying traddng lens 46 allows substaotially reducing Hie required 
deflection by flxe beam deflector to achieve the same deflection at the location of the polygon 
16 as in flie device of Figure 2. The reduction may be a factor of ten. This allows using flie 
better properties Ihebeam deflectors, mentioned herein above, have at low deflection angles. 
The anq»Utude of traddng angle deflection required ftom flie beam deflector 42 is reduced by 
a fector M, M being flie linear magnification wifli wW<A ^ot 44 is hnaged onto 
the magnifying ttacldng lens (MTL) 46. Tlius M is the ratio between fee distant 
44' to MTL 2 8 and the distance ftom MTL 28 to q?ot 44. In other words the MTL 46 
performs a linear demagnification fixMn spot 44' towards spot 44 by l/M and, as a 
consequence, it performs in this direction an angular magnificatian by M. So as a resuft 

spot 44'is M times larger than spot 44 and the maximum tracking angle or at point spot 44' is 
M times smaller Ihan required at spot 44. Thus the deflection by the additional deflector 42 
required in the embodiment of Figure 3 is M times smaller than required in the embodiment 
of Figure 2. 

Apart ftom fee advantage of fee smaller required tracking angle at spot 44% 
fee MTL 28 ofifers fee additional advantage of a larger beam size at fee surfece of fee 

additional deflector 42. Tliis reduces contamination sensitivity and reduces high optical 
power density problems. Also fee dif&aclion eflBciency of an AOD, AOM or some types of 
EOD. when used as a beam deflector 42, becomes higgler wife a larger spot size, because its 
own beam divergence is smaller. So by choosing an appropriate value for M wife fee MTL 
28, fee system can be tuned to optimum woddng conditions wife respect to the manmum 
tt^king angle and fee spot size for fee additional, or tracking, deflector at spot 44'. As an 
example, if fee maximum deflection angle at spot 44 is 33 mrad,feis angle is 3,3 mrad at 
spot 44', whilst if spot 44 is 30 jxm, spot 44' is 300 nm 

Figures 4 and 5 show fee principle of an active fecet tracking and a scanning 
device provided wife such a fecet tracking respectively. Figure 4 shows a cross-sections 
ferough fee plane of fee scanning direction, which is denoted by fee arrow SD as in fee 
preceding Figures. Figure 5 shows a cross-section tinx,ugh fee plane of fee polygon rotation 

direction, which is denoted by fee arrow RD as in fee preceding Figures, which plane is 
) perpendicular to fee scanning direction. 

Passive fecet traddng does not need fee beam deflector and fee means for 

driving tiiis deflector in synchronism wife the rotation of fee polygon mirror of fee active 

fecet tracking. Optionally, in passive fecet tacking a magnifying traddng lens, sudi as lens 

28 in Figure 3 may be used. 
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As shown in Figure 5, a beam B from a radiation source, not shown and 
preferably a laser, is coiq)led into flie fecet tracking system by means of a minor 50. This 
mirror reflects the beam to a facet 20b of the polygon mktor 16. This fecet reflects the beam 
as beam (B") to a folding mirror 52, which directs beam B' to a concave, (^lindcical or 
jfpherical, muror 54, which may be called fecet tracking mktor. This mirror reflects flie beam 
B* back to the facet of the rotating polygon via mirror 52. The fecet then reflects flie beam 
outwards as beam B" towards point A, which beam, upon rotation of the polygon is deflected 
over a deflection angle a t. 

In the passive fecet trackiiig system the primary spot is preceded by more 
preceding, or intermediate, spots at different locations along the optical axis than in the active 
fecet tracking system. The beam entering the scanner via mirror 50, is after a first reflection 
at the polygon facet, and a first reflection at the folding mirror 52, foccused in a spot SPl at 
or near to the fecet tracking mirror 54. After a second reflection at the folding mirror 52 and a 
second reflection at the polygon fecet, the beam images spot SPl onto a virtual spot SP2. 
Spots SP2 and SPl are mirror images of each oflier with respect to mirror pofygon 16 and 
folding mirror 52. 

This would be exacOy the case if the centre of curvature M of the fecet 
trackmg mirror 54 is located at the fecet momentarily illuminated by Ihe incoming beam B. 
In that cas^ after the second reflection hy tiie fece^ flie deflection of beam B' would be 
negligible. By giving the centre M a small ofiF-set, i.e. position it at small distance s from the 
fecet and in the polygon, as shown in Figures 4 and 5, a small deflection movement is 
imparted to the outgomgbeam B". The amplitude Or of this periodic deflection, which may 
also be called mini-scan, is determined by the off-set s. In this way the beam B" is made 
suitable for fecet tracking. This beam has its deflection/rotation point virtually at point 56, the 
location of spot SP2, but in reality deflection/rotation occurs at Ihe rotating polygon 16. 
Also, the focus of beam B" is located in point 56, because Ihe second reflection at the 
polygon fecet causes mirror-imagmg of spot SPl onto spot SP2. The beam B" is guided to 
the main imaging system of the scanning device so that, in the terminology used in the 
description of Figures 2 and 3, the spot SP2 can be called a pie-piimary spot 10' or a primary 
spot 10, depending on whedier a magnifying tracking lens is used or not 

Referring to Figure 4, if the centre of curvature of the fecet tracking mirror 54 
is located in point M and the radius of curvature of this mfecor is R, the distance di between 
the rotational axis 18 of the polygon 16 and the virtual focus point of the fecet tracking, 56, is 
given by: 
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Dp 

^erem Dp is &e diameter insOTbed by lixe toteto^ 

between M and fhe fiwet 20 when tiie fecet 20 is peq?endi(nilar to 

5 The beam B" showing flie small deflection ampUtude and directed at point A 

is guided by means of folding mirrors 60,62 and 64 to flie main hnaging system 12 and 
forms, from point A' on, afecettrackingprimary beamPB. OptionaUy and eqi^ 

«tuation shown m Figure 3 . a magnifying tracking lens (not shown in-Figure 5) may be 
arranged in Ihe radiation path between points A and A'. Consequendy Ihe virtual focus pomt 

10 56 in figures 4 and 5 is equivalent to point 44 in Figure 2 or point 44' in Figure 3 . After 
having passed the main imaging system 12, which in tiiis embodiment comprises two lens 
doublets 66 and 68, the primary beam PB is deflected by a mirror 58 to the rotating polygon 
mirror 1 6, which converts flie prhnary beam in a scamung beam SB in the way as described 
^ reference to Figures 2 and 3 . The scamnng beam passes the Banana Nfirror System 22 to 

15 formahi^quaKty8canningspot30onfliesurfecetobescanned28. 

As flie incoming beam, in particular beam B ' is focused near fhe fecet trackmg 

r^or 54, the cross-sections of fte beam at Ae rotating polygon 1 6 for the first and second 
reflections are still small, because the fecet tracking mirror 54 is not fer fitom the rotatmg 
polygon 16. Moreover, if the magnifying Hacking lens 46 is ^Ked, die size of spot SP2, or 
tiiatofspotSPl,canbeMtimeslargerandsobeamdivergencewillbeMtimessmaller 

which helps to limit growtii of die cross^ection of die primary beam on its way firom die 
virtual deflection point 56 via the main imaging system 12 to die rotating polygon. 

Thus, in a scanning device widi passive fecet tracking tiiree reflections at a 
same fecet are used.' By means of die first two reflections an ideal deflection point for die 
beam entering die Banana Mirror System is created and die diird reflection is used to move 
die scanning beam across fhe surfece to be scanned 

•nie scanning device widi passive fecet tracking shows die following 



20 



25 



low duty cycle loss, because die cross-section of die primary beam can be kept 
30 small; 

for facet trackmg no control electronics nor an active deflection element are 

needed; 
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imperfections of the polygon mirror such as an imperfect angular distribution 
of the facets over the polygon, are automatically compensated, because the same fecet is used 
to deflect the priinacy beam and to perform the scanning action, and 

the tracldng function can easily be tuned by shifting the fecet tracking miE^ 
In the embodiments described herein above only the elements, which are 
essential to understand the present invention and the functioning of a post-objective scanning 
device provided with a Banana Mmtor System has been shown. The scanning device may 
comprise other elements for beam sh^g and beam guiding. For example, optical elements 
may be arranged between the radiation source 10, comprising one laser or an array of lasers, 
and the beam deflector 42 (Figures 2 and 3) or the mirror 50 (Figure 5) to focus or image the 
laser source or laser source array such that a small spot or ah anay of small spots is obtained. 

The embodiments described herein above all make use of the Banana Mirror 
system described in US 5,013,01 8. The main features of interest in these embodiments relate 
to the fecet tracking systems used to deflect an illuminatian beam in concert with a rotating 
reflective polygon, m order to reduce undesired optical effects when the beam is reflected 
from the polygon surface off axis. 

However, the use of the Banana ^firror system is not essraitial to the invention, 
since a different optical set up could be used afl«r the last reflection ftom lie rotating 
reflective polygon, which different setrup could create the required telecentrichy. 

The post-objective scanning system with fecet tracking can be used for 
different appHcations, v/Mch can be divided into two grov5>s, namely surfece treatment and 
surfece inspection. Surfece treatment inchides writing information on the scanned surface 28, 
such as laser printing, or providing the surfece with a required pattern, for example by means 
of laser ablation of surfece material. As in Ihe latter case a high power laser beam is used the 
optical system preferably comprises only mirrors instead of lenses. Surfece treatment also 
includes writing apattem in a resist layer on top of a substrate surfece for ihe purpose of 
forming device features in at least one layer of flie substrate by means of a lithogr^hic 
process. This technology is known as duect writing, or mask less lilhogr^jhy. For surfece 
treatment tiie scanning beam should be modulated in intensity in accordance with the pattern 
that is to be formed. This can be realized by modulating the radiation suppHed by the 
radiation source. If the required radiation power is not too high, such as for laser printing, flie 
modulation can be performed by the electiwnicany driven beam deflectors 42 described 
herein above. 
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Surfece inspection includes inspection of components, such as printed ciicuit 
boards, during anianufecturing process or inspection the cpiaUty of 
also reading, or viewinfrphotogrMis or drawings. Surfece inspection may be carried out in 
reflection or in transmission. For inspection of a reflective surfece. successive ^^^^^ 
5 tixesurto are ifluminatfidby a scanning spot generatedbytiie scanning device described 
herein above and the reflected radiation, whidi is modulated by details at said positions 
c^tured by a detection system, comprismg one or more radiation-sendtive detector: 
elements. Such a detection system, which converts tiie radiation into an electrical rignal. is 
showninFigure 1 and denoted by reference nimber 70. This detection system is ana^ 

10 such that it does not obscure the scanning beam. 

For mspection in transmission, the object to be mspected, for exan^le a 
photogr^hic negative is illuminated by a radiation source arranged at the object side remote 
ftom the scanning device. The radiation passing throu^ tiie object may be scattered, parfly 
absorbed and/or parfly reflected by the object details so that it is modulated by flie 

information details. The scannmg device is now used in tiie reversed direction on a radiation- 
sensitive detection system, is now arranged at the position of the radiation source 
2-5. The momentary anguhir position oftiie polygon mhrordetermmes which point-like 
portion of fee object is momentarily seen by fte detection system. The radiation fiom this 
point is guided via fee Banana Mirror System 22. fee polygon mirror 1 6, and tiie main 
20 imaging system 12 to fee detection system. ^<fe converts the varymg intensity of fe 

radiation ftom fee successive pomts of fee object mto an electrical signal represenfeig fee 
information bemg read from fee obj ecL In fee radiation pafe between fee main hnagmg 
system and fee detection system fee radiation beam fiom fee object meete eifeer an additional 
beam deflector 42 in fee case of active facet tracking or a fecet tracking minor 54 and ofeer 

25 mirrors in case of passive fecet tracking. 

In this way each point of fee object is imaged wife great accuracy and hig?i 
resolution on fee detection system, ignored and feus fee resolution of fee scanning device is 

The radiation sensitive detection system may comprise a smgle detection 

30 element, such as aphoto diode, for detecfeig each fene fee radiation fiom a single point of 

fee object, or an array of detection elements, such as in a CCD sensor, for shnultaneously 

detecting radiation fiom a corresponding number of points on fee object 

As a result of fee fecet tiackmg schemes described above, fee tracked beam 

focussedby fee main lens 12 and feen reflected as scannmg beam ftom one of fee fecets.20a 
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c of flie polygon 16 seems to be deflected at a point that is between the surfece of the 
momentarily muminated facet and the rotational axis of the polygon. This point is the ideal 
deflection point in a post-objective scanning device comprising a Banana Minor System for 
achieving full telecentricily, great radiation efficiency, negligible image abenations and high 
duty cycle. 
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1 y^<^tolscaimng device &r maiming a sarftce along a liM^ 

e;,,,^.„^on8oatce«ittesupplytag«leastoneprinMry»^ 
opacal system to fi«»».« the beam to a ape. on tto suAce to be soa^ 

LiaMede£lectto«^e..he«by<*«-»tog.«»-togl^ 

to a poshkm on sut««» to 1» scanned, said optical systan con^stog a mam 

™,em ^ is ammged in a» ndiaaon paft of to scannine bean beK^ 
s„™«mUt»«lfl» polygon mta»andaconectionsyrtem^isa™«ed in tI>en«ilat.o^ 

pafl,offl.esca«ringbeambetweenftep61yg»nmimrand4esnrfi>oetobescam.ed, ■ 
d,3,«eterized in that it comprises fi«« t«>cldng means for 

beam in synchronism vdfl. rotation of the polygon mim.r sod. Aat fte chief HB, of fte 
primary beam is continuously directed at substantially to centreoftotfeceta*^ 

momentarily illuminated by to primary beam. 

2 A scamnng device as claimed in claim 1, characterized in that to tracking , 

means are operable to aeate a deflecti<m point for to scamnng beam, which pMnt is located, 
bel„eenacentmoftotationoftopolygonmiB»randtomim>rftce.uponwhichto - 

primary beam is momentarily incident. 

3 3 Ascanningdeviceasclaimedinclaiml«2.chaiacterizedi^ 
t^g means ate active tracldng means, wln<* are ccni^^ 
in me ladiation paHibetween Ae radiation source imit and&e main:ima^g system. 

4 A scanning device as claimed in claim 3, characterized in that an additional, 

,5 lensisarrangedbetweenthebeamdeflectorandlhemainimagingsystem 

deflection produced by flie beam deflector. 

5. A scamiing device as claimed in claim 3 or 4. characterized in that the beam 

deflector conaprises a galvanometer mitcor. 
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6. A scannmg device as claimed in claim 3 or 4, characterized in Hmt the beam 
deflector comprises a piezo electric deflector. 

7. Ascamringdeviceasclaimedinclaim3or4,characterizedin^^ 
deflector comprises an acousto-optical deflector. 

8. AscaBningdeviceasclaimedinclaim3or4.characterizedin1hattte 
deflector comprises an electro-optical deflector. 
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9 A scanning device as claimed in claim 1 or 2, characterized in that the fecet 

ticking means are passive means comprising a fecet tracking mirror, which recdves the 
primary beam via a first reflection at the mirror fecet and reflects the beam to fte mi^ 
for a secondteflection at this fecet to deflect Ihe primary beam at an angle substantially 
15 smaner1hanti«deflectionangleofthescanningbeam,beforeguiding 

the nmin imaging system. 

10. A scanning device as claimed in claim 9, diaracterized in that Aefecrt^ 

tracking mirror is a concave mirror. 

h A scamnng device as claimed in claim Id, characterized in Aat the centre of 

cunratureofiheconcavemirrorislocatedclosetolherotatio^ 

12 An ^aratus for processing apattem in at least a surfece layer of an object. 
25 wMch^tuscomprisesadeviceforscanning&eobjectsurfecewitharadiationbeam^^ 

„,eanstomodulatefl.e intensity of the beam aocordingtoihe pattern, charac^ 
device is a scanning device as claimfid-in any one of claims 1-1 1. 

13 An m^ratas for point-wise retrieving details of an object, which ^aratus 
30 comprisesadeviceforscanninglheol^ectwithabeamofradiationandar^^^ 

detection systemtoconvertradiationWthe object into anelectrical sign^^ 
tiiat the device is a scanning device as claimed in any one of claims 1-11. 
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14. An apparatus as claimed in claim 13, characterized in that the radiation- 

sensitive detection system and the scanning device are arranged at tiie same side of the 
object. 

^ apparatus as claimed in claim 13, characterized m that the radiation- 
sensitive detection system is arranged at flie position of a radiation source of the scanning 
device and radiation source is arranged at tiie side of tiie object remote from tiie scanning 
device. 
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ABSTEIACT: 



A post^bjective scanning device (1) using a rotateble polygon miiror (16) and 
having a correction system (BMS; 22) for achieving telecentric scanning wift a v^ll- 
conected scanning spot (30) is provided wiHi mirror fecet tracking means (42) to obtem high 
radiation effideacy and optimum use of tiie correction system. Ihe fecet tracking means may 
be active means con^g an additional beam deflector (42) or active means con^mg a 
facet tracking mixror (54). 



Figure 2 
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